With the acceleration of urbanization and industrialization, regional development is becoming increasingly disordered. Thus, how to balance economic development and ecological protection is a key question. To comprehensively evaluate land development suitability, an evaluation index system for construction land and farmland suitability was established in this study based on natural and social-economic information. After selecting an island in China as the main case study in this work, the reference method was applied in grading and value assigning for all indices. In addition, the analytic hierarchy process and expert evaluation method were used to determine the index weighting. After scenario analysis was adopted in the study to analyze the impact of the policy orientation on the suitability evaluation, we finally evaluated the landscape ecological quality of different scenarios. Results showed the landscape ecological quality of a coordinated development scenario was the highest. The results indicated that coordinated development which takes the ecological protection and urban development into account may be a better choice for land planning.
Introduction
With the acceleration of urbanization and industrialization, a large amount of farmland and woodland have been occupied by urban and construction land. Regional development is becoming increasingly disordered, leading to resource overload and ecosystem destruction. The sustainability of regional development is threatened. How to balance economic development and ecological protection is the key to sustainable development [1] [2] [3] . Scientific and comprehensive land development evaluation has been recognized as being critical for assessing the land suitability for specific use and planning for future land use and management [4] [5] [6] .
Land suitability evaluation is a process used to assess land suitability for a specific purpose [7] , which can provide a comprehensive view for land development and planning and promote scientific and rational use of land resources [1, 6, [8] [9] [10] [11] [12] . For years, scientists have carried out many studies in land suitability evaluation. In the 1960s, land suitability evaluation procedures became the basis for land planning [13] . Since the 1970s, Geographical Information Technology has promoted the development of land suitability evaluation [8, 9, [14] [15] [16] [17] [18] [19] . With advances in data collection and processing technology, land suitability evaluation has been gradually applied in various fields, such as crop suitability processing technology, land suitability evaluation has been gradually applied in various fields, such as crop suitability evaluation [20] [21] [22] [23] [24] , landscape planning [25, 26] , waste management planning [27] [28] [29] , environmental impact evaluation [30] , land restoration [31] , and urban sustainable development [32] [33] [34] . While few studies have considered the impact of policy orientation or development pattern on suitability evaluation, more attempts need to be made to evaluate land suitability in different scenarios.
In previous work, land suitability evaluation results in different scenarios have not been quantitatively evaluated. For example, Moreno compared the overall agreement between Boolean and fuzzy maps [35] . Elaalem and others made a comparison of the fuzzy analytic hierarchy process (AHP) and ideal point methods for evaluating land suitability [36] . However, few studies have quantitatively evaluated the results of different policy scenarios that place different levels of importance on economic and ecological impacts.
As the fifth-largest island in China, Pingtan was identified as a Comprehensive Experimental Zone by the Chinese government in 2010 [37] . Pingtan has developed quickly since then: urban construction sped up, reclamation projects increased significantly, tourism developed rapidly, and so on. The ecosystem of Pingtan Island (PI) is very fragile, with a lack of freshwater resources, increasing environmental pollution, and rapid vegetation decline. Land development suitability evaluation is therefore crucial for island-scale land use planning. Specifically, the research objectives of this study are: (1) to establish a land suitability index system, (2) to explore land development suitability in a rapid urbanization island in China under different development goals, (3) to evaluate the land development suitability result by using the landscape ecological quality (LEQ) method.
Materials and Methods

Study Area
PI is also known as Haitan Island, and is located in the northwest of the Taiwan Strait, with an area of about 300 km 2 , and consists of 11 towns: Tancheng, Suao, Liushui, Aoqian, Beicuo, Pingyuan, Aodong, Baiqing, Luyang, Zhonglou, and Lancheng ( Figure 1 ). The north and south of PI are hills and plateaus, while the middle is a plain. As the largest island of Fujian Province, PI is situated in a subtropical zone with a monsoon climate, with annual average rainfall of 900-1200 mm. The central plain is agricultural, with farmlands of peanuts, sweet potatoes, and vegetables. PI was designated as a Special Zone in 2010 to attract investment with tax relief and favorable land development policies. PI has constituted one of China's fastest developing regions in terms of rapid industrialization and urbanization, with large areas of fragile natural ecosystems faced with great damage. 
Methods
Factors Used in the Land Suitability Analysis
To determine whether the land that has not been developed for construction or farming is suitable for these purposes, the factors of elevation, slope, traffic condition, vegetation, soil erosion, and water resource were used ( Table 1) . The main reasons for using these factors in this study were that the spatial data concerning the factors used had already been made available for use and the factors used in the study are adequate for determining the areas where agricultural production or urban construction can be carried out. The factors used in this study are explained in detail in the following sections. Elevation is an important factor that plays a role in the variation of plant cover by causing water resource and soil changes. The higher the elevation, the less water there is [38] . It is difficult to store rainwater or utilize groundwater on the hills of PI. Field surfaces on hills are full of stone, which is difficult for agriculture or construction, while in the plains, the soil is suitable for agriculture. In most places with high elevation, transportation is inconvenient, which is also unsuitable for construction.
Slope limits agricultural production by affecting soil properties. The thickness of the soil layer decreases with increasing slope. Slope degree is the main factor determining erosion control [39, 40] . Accordingly, with an increase in slope degree, the development of soils occurs slowly, and soil depth and fertility decrease. Slope negatively affects urban construction by restricting the possibility of using machines and human activity. On the other hand, urban construction will create more bare land, the erosion of which will increase with the increase of the slope degree.
Traffic conditions represent a spatial association between new construction land and existing urban land. The distance to roads increases with decreasing connection and convenience. Traffic conditions have also been used in many other studies [41] [42] [43] .
Vegetation is important for ecosystem stability, and a high vegetation index represents high biomass and biodiversity, so the development cost is increased with increasing vegetation. The normalized difference vegetation index (NDVI) has a long history of use in remote sensing, ecology, and geography to study vegetation characteristics including amount, type, and condition [44] [45] [46] . The NDVI is a reflection of the biophysical conditions of island vegetation cover. We explored NDVI from Landsat Thematic Mapper (TM) satellite imagery.
Soil erosion reduces the soil depth, which is necessary for the development of plant roots and the amount of water that the plants need, decreasing the content of nutritional elements and organic matter [47, 48] . Erosion is connected with soil properties. The suitability of the soil for agriculture decreases with the increasing erosion modulus.
Water resource is another important factor for agriculture. Water is the foundation of agriculture. Agriculture increases pressure on the water supply, so water is the limiting condition for agriculture. The annual average runoff depth was selected to represent water resource in our study.
AHP Method
AHP is a multi-criteria decision-making approach introduced by Saaty [49, 50] which enables users to determine the weights of the factors in the solution of a multi-criteria problem. In the AHP method, a hierarchical model consisting of objectives, criteria, sub-criteria, and alternatives is used for every problem [51] . After the problem is set on a hierarchical structure, the weights of the criteria forming the hierarchy are calculated. To evaluate the criteria included in a level compared with other criteria included in the next hierarchy level, scoring is made with the utilization of the preference scale (Table 2 ) [52] , and a pairwise comparison matrix was created to compare one factor with another [52, 53] .
The AHP approach involves the following five steps: (1) developing an AHP decision model tree; (2) determining the relative importance of a factor to other factors in the judgment matrix; (3) conducting a consistency validation of the judgment matrix forms; (4) calculating the relative importance of each factor and weighting the overall ratings of every layer; and (5) giving a score to each factor based on the score index system. The maximum of the eigenvalue and its eigenvector should be calculated and verified by the coherence ratio (CR). The CR value should be less than 0.10, otherwise the matrix must be adjusted once again [10, 52, 54] . The pairwise comparison matrix was created to determine the weights of factors (Tables 3 and 4 ). The relative importance of a factor to other factors was determined by consulting the opinions of a team of experts, including local residents, officials, and experts engaging in geography, oceanography, and ecological research. In addition to the basic suitability evaluation factors, factors that affect the island land security should be considered in order to protect the ecological security and construction land of the island. In our study, we took scenic areas and protected areas as ecologically sensitive areas. After construction land and farmland suitability evaluation, we proposed three different land suitability evaluation programs of the island based on different development goals, which are as follows:
(1) Economic priority program This program focuses on economic development. The program is based on a construction land suitability evaluation, taking existing construction land and ecologically sensitive areas as the unsuitable zone. Without prejudice to the island's ecological security, this program can meet the demand for the city's construction as much as possible. Thus, after deducting the ecologically sensitive areas and existing construction land, we put forward the principle of coordinated development [55, 56] , as shown in Table 5 . In the principle of coordinated development, when the land is suitable for agriculture, it is unsuitable for development, because farmland needs protection. When the land is unsuitable for construction, it is also unsuitable for development. When the land is suitable or restrictive for construction and unsuitable for agriculture, it is suitable for development. When the land is suitable for construction and restrictive for agriculture, it is suitable for development. When the land is restrictive for construction agriculture, it is restrictive for development. (1) LEQ evaluation LEQ refers to the ability of a landscape's ecosystem to maintain its structure and functional stability, taking landscape ecosystem stability as a measure. The stability of LEQ depends on the degree of stability and disturbance of the landscape ecosystem. If the disturbance level of LEQ is greater than the stability, the landscape ecosystem tends toward being unsteady, and LEQ is low; Otherwise, the landscape ecosystem is stable, and LEQ is high [57] .
In this study, the Equation (1) was used to evaluate LEQ, which is shown as follows:
where V represents LEQ, V g is the landscape disturbance index, and V w is the landscape stability index. The higher the V value, the higher the LEQ. Landscape disturbance index and landscape stability index will be described below.
(2) Landscape disturbance index and landscape stability index
The landscape disturbance is affected by landscape fragmentation and land use activities. Landscape fragmentation is a major cause of biodiversity loss, and human activities block the migration of biology and flow of material and energy [30, 57] . In our study, the landscape shape index (LSI), patch density (PD), and the ratio of construction land (CI) were selected to characterize the landscape disturbance [57] [58] [59] [60] [61] . LSI is used to indicate the development of patches and the complexity of patch borders. Higher LSI value indicates higher degree of landscape fragmentation, which is related to higher landscape disturbance. PD refers to the fragmentation of the landscape, indicating human disturbance intensity [62] . Higher PD value means higher landscape disturbance. CI means the construction area proportion of the total landscape area. Higher CI value indicates higher landscape disturbance. In this study, we assumed that the suitable development area was construction land. We also assumed that LSI, PD, and CI have the same contribution to landscape disturbance.
Landscape stability depends on the structure of land use, biodiversity, and landscape aggregation [57] . Different land use makes different contributions to landscape stability. Wetlands are the best, woodlands next, followed by arable land and water. Construction land is the worst. In this study, suitability evaluation results were used to represent the land use: we identify unsuitable zones as 3, restrictive zones as 2, and suitable zones as 1 quantitatively. Land use contributions to landscape stability were multiplied by the proportion of land use, then weighted to the land use structure index (LS). Higher LS value means higher landscape stability. The vegetation index (VI) is an important factor that affects landscape ecological stability, characterized by the ratio of the area that is covered by vegetation. Higher VI indicates higher landscape stability. In this study, we assumed that unsuitable zone was completely covered by vegetation, half of the restricted area was covered by vegetation, and the suitable zone was uncovered. Optimized landscape patterns are helpful for landscape stability [57] , Sustainability 2017, 9, 1292 7 of 15 and the landscape contagion index (CONT) was selected to describe the agglomeration of different types of patches. Higher CONT value means higher landscape stability. We assumed that LS, VI, and CONT have the same contribution to landscape stability.
Landscape disturbance index is evaluated by LSI, PD, and CI. The Equation (2) is as follows:
where V g is the landscape disturbance index, x 1 is the LSI, x 2 is the PD, x 3 is the CI. Landscape stability index is evaluated by LS, CONT, and VI. The Equation (3) is as follows:
where V w is the landscape stability index, x 4 is the LS, x 5 is the VI, x 6 is the CONT.
The indices x 1 to x 6 are described in Table 6 . All the indices should be standardized, and all these values ranged from 0 to 1. Table 6 . Detailed description of factors used in landscape ecological quality (LEQ) evaluation.
Index Equation Description
Landscape disturbance 
× 100 m: number of land use type P ij : probability of belonging to the type of i and j for two adjacent grids that are randomly selected
Data Sets and Methodology
The slope and elevation data were obtained from the GRID digital elevation model (DEM, CNIC, Beijing, China) of the study area, and the DEM was downloaded from Geospatial Data Cloud [58] . The cell size of slope and elevation map was 30 × 30 m.
The 30 × 30 m cell size ESRI GRID (ESRI, Redlands, CA, USA) format NDVI map (vegetation index) of the study area were generated from the Landsat Thematic Mapper (USGS, Reston, VA, USA) satellite imagery of 2013 with 30 m resolution. Twenty-one ground control points were used, and the root mean square errors were less than 0.5 pixels. The image was re-sampled to 30 m resolution.
The main road map of 2010 was digitized from 1/200,000 printed map obtained from the Traffic Bureau of Pingtan. The 30 × 30 m cell size ESRI GRID format traffic index map of the study area was generated from ESRI Shape format road map by using the Euclidean distance normalization method.
The ESRI Shape format soil erosion map of 2013 was digitized from 1/200,000 printed map obtained from the Land and Resources Bureau of Pingtan, and the ESRI Shape format water resource index map was digitized from the water resource map in Pingtan water resources allocation planning report [59] . The ESRI Shape format maps were converted into ESRI GRID format maps with 30 m resolution.
All GIS layers were transformed into the same coordinate system and projection; that is, the projection is Transverse Mercator, the central meridian is 120 • E, and the Ellipsoid is WGS 1984. The cell size of ESRI GRID format layers were 30 × 30 m. All the indices were standardized to a uniform rating scale. The class boundaries and standardized measurements are given in Table 1 , and the spatial pattern maps are shown in Figure 2 .
After the weights of factors were determined according to the AHP method, factors weights and factors scores were appointed to the related layers in the ArcGIS 10.1 environment, raster maps of eight factors were overlaid using the weighted sum overlay analysis, and a construction land suitability map and a farmland suitability map were generated. The analysis layers (construction land suitability map and farmland suitability map) were divided into three classes according to natural breaks in the ArcGIS 10.1 environment. The highest score area was identified as suitable area, which was followed by restrictive area. The lowest score area was identified as unsuitable area.
The land suitability map of the economic priority program was obtained by identifying existing construction land and ecologically sensitive areas as the unsuitable zone based on the construction land suitability map. The land suitability map of the ecological priority program was obtained by identifying existing construction land, ecologically sensitive areas, and farmland as the unsuitable zone based on the construction land suitability map. The land suitability map of coordinated development program was obtained according to the principle shown in Table 5 based on the construction land suitability map and farmland suitability map. Then, the ecologically sensitive areas and existing construction land were taken as the unsuitable zone. The above processes were implemented in the arcGIS 10.1 environment by raster calculation and reassignment. and existing construction land were taken as the unsuitable zone. The above processes were implemented in the arcGIS 10.1 environment by raster calculation and reassignment. The six indices in the LEQ evaluation (LSI, PD, CI, LS, VI, and CONT) were calculated by Fragstats 4.2 (UMASS, Amherst, USA) based on land suitability map for three scenarios. Then, we calculated the landscape disturbance index, landscape stability index, and LEQ index according to Equations (2), (3), and (1), respectively. The steps followed in this study are presented in general terms in Figure 3 . The six indices in the LEQ evaluation (LSI, PD, CI, LS, VI, and CONT) were calculated by Fragstats 4.2 (UMASS, Amherst, USA) based on land suitability map for three scenarios. Then, we calculated the landscape disturbance index, landscape stability index, and LEQ index according to Equations (2), (3), and (1), respectively. The steps followed in this study are presented in general terms in Figure 3 . 
Results
Land Development Suitability Evaluation
For the three scenarios, the unsuitable zone areas were the largest, followed by suitable zone, while the restricted zone areas were the smallest. The suitable zone was mainly located in the central plains of PI, and the unsuitable zone was mainly in the mountainous areas and urban built-up areas (Figure 4) .
The percentage of the suitable zone in the economic priority program was the largest among the three scenarios, while the percentage in the ecological priority program was the lowest. For restricted zones, the largest was the economic priority program and the lowest was the coordinated program. The percentage of unsuitable zone in economic priority program was the lowest, while that in the coordinated program was the largest (Table 7) . Figure 3 . The steps followed in this study. AHP: Analytic Hierarchy Process.
Results
Land Development Suitability Evaluation
The percentage of the suitable zone in the economic priority program was the largest among the three scenarios, while the percentage in the ecological priority program was the lowest. For restricted zones, the largest was the economic priority program and the lowest was the coordinated program. The percentage of unsuitable zone in economic priority program was the lowest, while that in the coordinated program was the largest (Table 7) . Figure 4 . Land development suitability zoning in study area for three scenarios.
LEQ Evaluation
For landscape disturbance, CI was the highest in the economy priority program, indicating that the landscape was affected by construction land in the economic priority program. LSI and PD were highest in the ecological priority program, indicating that the patch shape was most irregular, and the fragmentation degree was the highest. However, CI was minimal in this program. LSI, PD, and CI were at a medium level in the coordinated program, and the landscape disturbance index was minimal ( Table 8) .
The landscape stability index score of the coordinated program was the highest. LS of economic priority program was the highest, while VI and CONT were the lowest, indicating that LS has a higher contribution to LEQ. In the ecology priority program, VI was the highest, and CONT was at a medium level. The CONT and VI in the coordinated program were high ( Table 8 ), indicating that the landscape was dominated by a few large patches or the same type of patch was highly connected, which was good for intensive use of the land.
A comprehensive evaluation of LEQ showed that the score of the coordinated program was the highest, followed by the economic priority program, and the ecology priority program was the lowest. In the economic priority program, the landscape disturbance and stability were both the lowest, and LEQ was at a medium level. In the ecological priority program, the landscape disturbance was at the 
For landscape disturbance, CI was the highest in the economy priority program, indicating that the landscape was affected by construction land in the economic priority program. LSI and PD were highest in the ecological priority program, indicating that the patch shape was most irregular, and the fragmentation degree was the highest. However, CI was minimal in this program. LSI, PD, and CI were at a medium level in the coordinated program, and the landscape disturbance index was minimal (Table 8) .
A comprehensive evaluation of LEQ showed that the score of the coordinated program was the highest, followed by the economic priority program, and the ecology priority program was the lowest. In the economic priority program, the landscape disturbance and stability were both the lowest, and LEQ was at a medium level. In the ecological priority program, the landscape disturbance was at the highest level, while stability was at a medium level, so LEQ was the lowest (Table 8 ). The coordinated program had lowest landscape disturbance while having the highest stability, and the highest LEQ. 
Discussion
Spatial Variation of Land Development Suitability
Land development suitability evaluation results showed that the suitable zone was mainly distributed in the plain, but the unsuitable zone was mainly distributed in hilly areas. This is similar to other findings [41, 60] . The hills comprise high altitude and slope, which not only directly affects construction and cultivation, but also affects transportation, soil, and water resources that are related to construction and cultivation [40] . The coastal area in PI was an unsuitable zone, which is useful for ecological integrity and landscape connectivity, and helpful for forming the ecological barrier of PI [37, 61] .
SA of Land Development Suitability
Rapid urbanization promoted economic development, but damaged the ecosystem. How to balance the two aspects is a relevant and difficult problem [1] [2] [3] 43, 61] . In our study, both economic development and ecological protection were considered in SA. The LEQ of the coordinated development scenario is the highest, which is similar to the results of other studies [43] . The result showed that from the perspective of landscape ecology, pure urban development or ecological protection may be inappropriate, not meeting the needs for integrated development. However, coordinated development may be a better choice, which takes both the ecological protection and urban development into account. The use of SA allows several decision scenarios to be evaluated in order to guide managers or planners to reach the most satisfactory solution considering trade-off measures involved in the decision-making process.
Landscape Ecological Evaluation Method of Land Development Suitability
Different development scenarios have different landscape effects, so landscape evaluation provides a quantitative tool for evaluating the results of different scenarios. In this study, from the perspective of landscape ecosystem structure and function, a landscape ecological multi-parameter evaluation system was established to quantitatively analyze land suitability.
PD characterizes landscape fragmentation. High PD means a high degree of landscape fragmentation, which is usually caused by a high intensity of human disturbance. A higher LSI value indicates longer and irregular borders, which also means a higher degree of landscape fragmentation [62] [63] [64] [65] [66] [67] [68] . Human activities including urban construction, rural residential, and traffic construction block the migration of biology and the movement of material and energy [31, 57] . When the ratio of interference in an area increases, the landscape stability tends to decrease [69, 70] .
Increased vegetation coverage is conducive to biological migration, environment improvement, habitat protection, and landscape stability. Vegetation coverage in an unsuitable zone is higher than the suitable and restricted zones, and therefore has a greater contribution to LEQ. The CONT index describes the contagion of landscapes. CONT is close to zero when the dispersion degree is the highest.
When the patch is completely gathered, CONT equals 100. Increased CONT indicates an increased degree of contagion [67, 68, 71, 72] .
Conclusions
This study uses GIS, AHP, SA, and LEQ to evaluate the land development suitability under the pressure of economic development and ecological protection on an island. The suitable zone was mainly distributed in the plain, and the unsuitable zone was mainly distributed in hilly areas, which reflects that high altitudes and slope affected transportation, soil, and water resources related to construction and cultivation. The coordinated program had the highest LEQ score, indicating that pure urban development or ecological protection may be inappropriate, while coordinated development may be a better choice. SA could guide managers or planners to reach the most satisfactory solution taking into account trade-off measures involved in the decision-making process.
